Previous studies have shown that changes in brain function
Clinicians long have observed a lag time of several weeks between the initiation of antidepressant treatment and clinical response for many patients (Hyman and Nestler 1996; Katz et al. 1996) . Some individuals do have early symptomatic improvement, and this has been reported to predict further improvement over the next several weeks (Nierenberg et al. 1995) . Reports have suggested that some physiologic changes are seen shortly after initiation of treatment (Sulser 1989; Beck 1995; Dahmen et al. 1997) . No clinically practical physiologic predictor of treatment response has yet been identified with these techniques, however, and the relationship of early physiologic changes to eventual clinical outcome remains incompletely understood.
Quantitative electroencephalography (QEEG) has been used as a physiologic measure in efforts to address these questions. Prior work with "pharmaco-EEG" techniques has shown that the administration of antidepressant compounds yields reproducible changes in EEG activity in healthy control subjects within a few hours of dosing (Saletu et al. 1982 (Saletu et al. , 1983 (Saletu et al. , 1986 (Saletu et al. , 1987 (Saletu et al. , 1987 Grunberger 1985, 1988; Sannita et al. 1983; Sannita 1990; Itil et al. 1984; Herrmann et al. 1991; Luthringer et al. 1996) . The relationship of these immediate EEG changes in control subjects to eventual clinical response in a depressed population is unclear. Other QEEG work with depressed subjects has found that changes from baseline in theta power early in the course of treatment may characterize groups of depressed patients who are more likely to respond to antidepressant treatment (Ulrich et al. 1994) . Unfortunately, the overlap in the value of these changes between responder and nonresponder groups precluded the use of this measure in response prediction for individual subjects, and prior research did not indicate how to relate changes in theta power to other measures of regional brain activity (e.g., regional cerebral blood flow or metabolism).
We previously have shown that absolute and relative power are complementary measures of brain activity (Leuchter et al. 1993) . A relatively new QEEG measure, "cordance," combines information from both absolute and relative power measures (Leuchter et al. 1994a (Leuchter et al. , 1994b . The algorithm yields two indicators: a categorical value ("concordant" or "discordant" state) and a numerical value for each electrode. In an earlier report with the categorical measure , we observed that depressed subjects exhibiting the concordant state prior to treatment had better treatment outcomes when treated with fluoxetine than did subjects with the discordant state. In this report, we use the num*erical values of cordance, because they allow examination of changes in regional brain activity with treatment. In validation against data collected simultaneously with [H 2
15
O]-positron emission tomography (PET), cordance values in the theta frequency band (4-8 Hz) were found to be positively correlated with cortical perfusion, and this correlation was stronger than that between perfusion and either absolute or relative theta power . The correlation of cordance with regional cortical perfusion provides a physiologic basis for interpreting this measure.
In a series of depressed subjects receiving open-label treatment, we previously have shown that cordance detects changes in prefrontal activity as early as after three days of treatment in patients who will later show clinical response to antidepressant medication (Leuchter et al. 1997; Cook et al. 1998a; Cook and Leuchter 2001) . We conducted the current study to determine if QEEG power or cordance measures could reliably detect these changes in brain activity under the rigorous conditions of randomized, double-blind, placebo-controlled clinical trials. We hypothesized that prefrontal cordance values would change with treatment in responders, and that nonresponders would not show this change. In an exploratory analysis, we sought to determine whether other brain regions also implicated in mood disorders would also show changes with this measure during response. As an additional exploratory analysis, we examined the relationship between the degree of early physiologic change and the magnitude of final clinical response. Finally, we sought to determine if these early changes were specific to drug-mediated response or if they were also seen in response to placebo.
METHODS AND SUBJECTS

Subjects
We studied adults diagnosed with a major depressive episode (MDE) who were subjects in one of two separate, double-blind, randomized treatment trials conducted in our laboratory over a 24 month period: one group of subjects received fluoxetine or placebo, while subjects in the other group received venlafaxine or placebo. All subjects were free of psychotropic medication for at least two weeks prior to enrollment. All were outpatients with uni- Table 1 . Inclusion and Exclusion Criteria Inclusion 1) current major depressive episode 2) symptom severity score of 17 or more on the 17-item Hamilton Depression Rating Scale (HAM-D), with item #1 у 2. Exclusion 1) Bipolar Disorder 2) any psychotic symptoms (e.g. depression with psychotic features or an Axis I psychotic illness) 3) dementia 4) delirium 5) substance-related disorders 6) eating disorders 7) cluster A or B Axis II disorders 8) treatment with electroconvulsive therapy (ECT) in the prior six months 9) any past history of craniotomy, skull fracture, seizures, or significant neurological illness 10) past history of suicidal intent, plan, or attempt. The development of active suicidal ideation during the study was a criterion for unblinding and initiating open-label treatment.
Identical criteria were employed in both the fluoxetine and venlafaxine trial groups.
polar MDE, with diagnoses determined using a structured interview for DSM-IV (First et al. 1994) , and with scores of 16 or more on the Hamilton Depression Rating Scale (HAM-D) at intake. No additional psychotropic medications were permitted during the trials (e.g., no sedative or hypnotic medications). Recruitment mechanisms as well as inclusion and exclusion criteria were identical for both protocols (Table 1) . In accordance with principles of the Helsinki Declaration of 1975, both protocols were reviewed and approved by the UCLA Institutional Review Board, and informed consent to participate in this research was obtained from all subjects. Subject confidentiality was maintained for all subjects. A total of 51 subjects completed the protocols and were examined for the present report (24 from the fluoxetine vs. placebo trial, and 27 from the venlafaxine vs. placebo trial). Data describing these subjects are presented in Table 2 . The individuals in the fluoxetine study were the subject of our previous report on baseline characteristics ) but had not been previously examined for early changes in regional brain activity during the course of treatment. Groups were comparable at pretreatment baseline on demographic and clinical parameters. We defined clinical response as reduction in final depression severity to a HAM-D score of 10 points or less. The two studies showed comparable drop-out rates, as well as response rates to medication and placebo. Because of the high degree of comparability of the subjects from two trials, data were pooled for the present analyses.
Experimental Procedures
Design of Treatment Trials. Subjects first entered a 1-week, single-blind placebo lead-in phase. Subjects who failed to meet study inclusion criteria at the end of lead-in (e.g., because of intolerable side effects to placebo, or a strong placebo response (no longer meeting inclusion criteria)) were removed from the protocol and
were referred for open-label treatment. Subjects eligible to continue in the protocol entered a double-blind phase and were randomized to receive eight weeks of either placebo or active medication (fluoxetine 20 mg po QD in the first protocol or venlafaxine 150 mg po QD in the second) dispensed in identical capsules. Subjects receiving fluoxetine were given 20 mg/d and continued at that dose for the eight weeks; subjects receiving venlafaxine began at 37.5 mg/d, increased over a week to 150 mg/d, and then continued at that dose for the remaining seven weeks. To preserve blinding, placebo "dose" was escalated in the second protocol.
All subjects received brief sessions of supportive psychotherapy during the blinded phase of the study, in order to address safety concerns about dispensing placebo alone to patients with significant depression (15-25 min of unstructured counseling and assistance in problem solving by a research nurse at the follow-up visits). Follow-up visits for symptom/side effect monitoring and for the supportive therapy took place at two days and at weekly intervals thereafter after the start of the double-blind phase of the study. Symptoms were monitored with a focused clinical interview, clinician rating scales (e.g., HAM-D), and self-rating scales. At the end of the 8-week doubleblind phase, the blinding was broken and HAM-D scores were used to categorize subjects as responders or nonresponders. Subjects who had received placebo were eligible to begin open-label treatment; subjects who had received medication were eligible for continued pharmacotherapy.
QEEG Techniques
Data Acquisition. QEEG recordings were obtained: (1) at pretreatment baseline prior to randomization; (2) at 48 h (after two doses of drug or placebo); and (3) after one week on medication or placebo, as shown in Figure 1 . Recordings were made with the QND System (Neurodata, Inc., Pasadena, CA), using procedures employed in our previ- Study groups (fluoxetine and venlafaxine group, as well as the four response cells) were comparable on all clinical severity measures and for age and gender distribution. No differences were found for personal history of lifetime depressive episodes (categories: 1, 2-3, 4 or more, 2 n.s.). Differences between medication groups were present for family history of depression ( 2 ϭ 4.25, df ϭ 1, p ϭ .04). 13 of the 24 subjects in the fluoxetine study group received active medication; 12 of the 27 subjects received venlafaxine in the other group. HAM-D: Hamilton Depression Rating Scale; HAM-A: Hamilton Anxiety Rating Scale; BDI: Beck Depression Inventory; MADRS: Montgomery Asberg Depression Rating Scale. ous reports and summarized here. Subjects were instructed to rest in the eyes-closed, maximally alert state, in a quiet room with subdued lighting. The technicians monitored the QEEG data during the recording and re-alerted the subjects every 30-45 s as needed to avoid drowsiness. Electrodes were placed with an electrode cap (ElectroCap, Eaton, OH) using 35 recording electrodes distributed across the head according to the International 10-20 System arrangement ( Figure 2 ). Data were collected using a Pz referential montage and were digitized at 256 samples/channel/sec by the QND system (bandpass filtered 0.3-70 Hz).
Each EEG recording was reviewed by a technician who was blinded to subject identity, treatment condition, and clinical status; the first 20-32 s of artifact-free data were selected to be processed. A second technician reviewed these selections for accuracy. These selections were then processed using a fast Fourier transform to obtain absolute and relative power values in four frequency bands (4) (5) (6) (7) (8) (8) (9) (10) (11) (12) (12) (13) (14) (15) (16) (17) (18) (19) (20) . "Absolute power" describes the amount of power in a frequency band at a given electrode (measured in V 2 ), and "relative power" is the percentage (%) of power contained in a frequency band, relative to the total power across the entire spectrum (0.5-20 Hz) computed separately for each electrode. The recording data were reformatted offline to compute linked-ear-reference absolute and relative power values; these values were used in the regional measure analyses described below. QEEG data also were reformatted to bipolar channel pairs and processed further to yield cordance values (below).
Cordance Calculations
For each recording site in each of the four bands, cordance values were calculated using an algorithm that has been detailed elsewhere ) and may be summarized as follows. Cordance is computed by a normal- Figure 1 . Experimental protocol timeline. Subjects were assessed and enrolled at "intake," had the pretreatment baseline EEG recorded at that time, and then participated in a 1-week, single-blind placebo lead-in phase. Randomization to treatment modality (active medication or placebo) took place at the time marked "start of treatment." Another EEG was recorded after 48 h of treatment and again at 1 week. Clinical assessment to determine outcome (responder vs. nonresponder) took place after eight weeks of treatment (9 weeks in study altogether). Subjects were monitored weekly during the double-blind treatment (arrows not shown) for clinical changes and adverse reactions. ization and integration of absolute and relative power values from all electrode sites for a given EEG recording; cordance values are calculated in three steps. First, EEG power values are computed using a re-attributional electrode montage in which power values from pairs of electrodes that share a common electrode are averaged together to yield the re-attributed power (Figure 2) (Cook et al. 1998b ). For example, to determine a power value for the brain region underlying the F4 electrode, one first computes power spectra for the channels that include the F4 electrode (i.e., F4-F8, F4-AF2, F4-FC2, and F4-FC6, in Figure 2 ), and then averages the absolute power values from those channels to obtain the reattributed power for the F4 electrode. This is somewhat similar to the single source method of Hjorth (1970 Hjorth ( , 1975 , but cordance recombines the power values whereas Hjorth's method recombines voltage signals by averaging signal amplitudes from pairs of electrodes. The Hjorth method is preferred under many experimental designs, particular when the source of a signal is the question of interest (e.g., seizure focus); the re-attributional montage provides a higher association between QEEG measures and regional cortical perfusion than does the Hjorth method (Cook et al. 1998b ) and so offers an advantage for testing our specific hypotheses. Relative power is calculated in the conventional manner, as the percentage of power in each band, relative to the total spectrum considered (here, 0.5 Hz to 20 Hz) (cf. Leuchter et al. 1993) .
Second, these absolute and relative power values for each individual EEG recording are normalized across electrode sites, using a z-transformation statistic for each electrode site s in each frequency band f (yielding A norm(s,f) and R norm(s,f) respectively). It should be noted that these z-scores are based on the average power in each band for all electrodes within a given QEEG recording, and are not z-scores referenced to some normative population (e.g., as in the "neurometrics" approach, (cf., John et al. 1988) ). The normalization process places absolute and relative power values into a common unit (standard deviation or zscore units) which allows them to be combined.
Third, the cordance values are formed by summing the z-scores for normalized absolute and relative power (Z (s,f) ϭ A norm(s,f) ϩ R norm(s,f) , for each electrode site and in each frequency band). Cordance values have been shown to have higher correlations with regional cerebral blood flow than absolute or relative power alone , and thus this combination measure can be placed in context with prior work in depression that employed functional measures of brain activity such as PET scan data.
Regional Measures
To study changes in regional brain activity, the values from electrodes overlying specific neuroanatomic regions were averaged together. We examined regions that have been implicated by prior work for involvement in mood disorders. The regional groupings employed were (1) prefrontal (Fp1, Fp2, Fpz electrodes); (2) central (overlying the cingulate gyrus) (FC1, FC2, Cz electrodes); (3) left temporal (T3, T5 electrodes); and (4) right temporal (T5, T6 electrodes). These regional measures were calculated for absolute power, relative power, and cordance values. In order to avoid spurious findings from comparing a large number of potential variables, analyses were limited to the theta band, since it has previously been shown to be sensitive to changes in activity in depression (Ulrich et al. 1988; Leuchter et al. 1997; Cook et al. 1998a; Cook and Leuchter 2001) .
Data Analysis
The subjects were examined in four groups: medication responder ("M-R") and nonresponder ("M-NR") groups, and placebo responder ("P-R") and nonresponder ("P-NR") groups. A final HAM-D score of р 10 at the end of the 8-week double-blind phase was used to define the responders . As noted earlier, subjects from the fluoxetine and venlafaxine trials did not differ significantly in response rates or demographic parameters and thus were pooled for these analyses.
Continuous variable data were analyzed with analysis of variance (ANOVA), t -tests, and regression analyses; discrete variables with limited range (e.g., number of previous episodes of depression) were compared using nonparametric tests; categorical data were examined using the 2 statistic (SPSS, Inc., Chicago, IL). Cordance, absolute power and relative power were examined for group differences in the prefrontal, central, right temporal, and left temporal regions using ANOVA. To evaluate changes over time, repeated measures analysis of variance was used in each region to examine changes in these physiologic measures, employing treatment response (M-R, M-NR, P-R, P-NR) as the between-group factor and time (48 h, 1 week) as the within-group factor. The full factorial model tested the response effect, the time effect, and the response by time interaction. Post hoc pairwise comparisons were performed where significant effects were observed with ANOVA, using the Bonferroni correction to avoid Type 1 errors from multiple comparisons. In addition to the group analyses, the ability of cordance to predict individual response was tested by classifying subjects on the basis of change in cordance at each time point. Chi-square tests were used to test the hypothesis of independence of the classification variable and the response variable.
RESULTS
Clinical Responses
Thirteen of 25 subjects (52%) responded to medication: seven of 13 subjects (54%) responded to treatment with fluoxetine, and six of 12 (50%) responded to venlafaxine. Response rates to medication between the two studies were not statistically different. The placebo response rate was 38% (10 of 26). A majority of subjects in both responder groups had sustained decreases in depression rating scores (7/13 M-R and 7/10 P-R). Responders were significantly different from nonresponders on final HAM-D ((F 1,49 ϭ 121.4, p Ͻ .0001 ). Both responder groups had comparable clinical outcomes (final HAM-D 6.0 Ϯ 3.1 for M-R and 6.1 Ϯ 3.4 for P-R); both nonresponder groups also showed equivalent clinical endpoints (final HAM-D 18.4 Ϯ 4.6 for M-NR and 17.9 Ϯ 4.5 for P-NR).
Regional Differences in Power and Cordance at Baseline and Changes over Time
Absolute power, relative power, and cordance were examined for group differences (M-R, M-NR, P-R, P-NR) for differences at pretreatment baseline in any of the regions (prefrontal, central, temporal) using analysis of variance (ANOVA). There were no statistically significant differences among the response groups for any region for absolute power, relative power, or cordance (Table 3) .
Because there were no baseline differences, we next examined changes over time in the three QEEG measures by creating variables to reflect the change from baseline at the two time points (48 h, 1 week). Repeated measures analysis of variance was used in each region to examine changes in these physiologic measures. Neither absolute nor relative power measures showed any significant differences.
In contrast, the group effect was significant for cordance in the ANOVA. Pairwise comparisons using the Bonferroni adjustment revealed a significant group effect exclusively in the prefrontal region in the medication responder group (Figure 3 , Table 4 ), with a trendlevel finding at 48 h (F 3, 46 ϭ 2.37, p ϭ .083) and significant group differences at one week (F 3, 47 ϭ 4.11, p ϭ .011) where M-R was significantly different from M-NR, P-R, and P-NR.
Examining the changes independently for each group, the M-R group exhibited a significant decrease in prefrontal cordance from baseline values at 48 h (2-tailed t ϭ 2.78, df ϭ 12, p ϭ .017) and one week (t ϭ 2.71, df ϭ 12, p ϭ .019) (Figure 3 , Table 4 ). The topography of these changes is shown in Figure 4 . There were no significant decreases seen for M-NR, P-R, or P-NR subjects at 48 h or 1 week (Table 4 ). The decrease in cordance in the M-R subjects was not significantly different between fluoxetine and venlafaxine trials.
Relationship of Change in Cordance to Degree of Response
Given this finding of decrease in prefrontal cordance in the M-R subjects, we used a series of linear regression models to examine the relationship between magnitude of cordance change and degree of clinical response for all subjects receiving medication. Final HAM-D score was significantly predicted by change in cordance at one week (r ϭ 0.51, df ϭ 23, p ϭ .002), with greater physiologic change predicting better clinical response; the relationship was not significant at 48 h (r ϭ 0.22, df ϭ 23, p ϭ .29) (Figure 5 ). Similar relationships were found for change in HAM-D from baseline to final evaluation. Regression models were also performed to test whether change in cordance was associated with clinical severity at other time points, specifically to evaluate if the physiologic changes were present prior to clinical changes or if the physiologic and clinical measures changed concurrently. HAM-D score at 48 h was not related to change in cordance at 48 h, and HAM-D at one week was not related to change in cordance at either 48 h or 1 week. To evaluate other potential confounding fac- 
Accuracy of Cordance in Predicting Clinical Outcome
In addition to the group analyses above, we also examined the data on an individual-by-individual basis to determine the accuracy of cordance in predicting 8-week clinical outcome in response to medication. Each subject was categorized as either showing a decrease in prefrontal cordance at each time point or not showing the decrease. Using a categorization of decrease to predict response and non-decrease to predict non-response, the accuracy or "test efficiency" was 64% at 48 h (9 of 13 M-R; 7 of 12 M-NR; 2 ϭ 1.92, df ϭ 1, p ϭ .17), and 72% at 1 week (9 of 13 M-R; 9 of 12 M-NR; 2 ϭ 4.89, df ϭ 1, p ϭ .027; sensitivity 69%, specificity 75%, positive predictive value 75%, negative predictive value 69%).
COMMENT
Three primary findings emerge from this study. First, the response to treatment with fluoxetine or venlafaxine was characterized by an early decrease in prefrontal cordance, a change which was not present in nonresponders. This change emerged as early as after two Figure 3 . Time course of physiologic changes in responders and nonresponders. Changes from baseline values for group average prefrontal cordance values are plotted at 48 h and 1 week for the four response groups, medication responder (M-R) and nonresponder (M-NR) groups and placebo responder (P-R) and nonresponder (P-NR) groups. Repeated measures ANOVA shows that the M-R group is significantly different from the other three groups at 1 week (F 3, 47 ϭ 4.11, p ϭ .011 *). M-R subjects are significantly different from baseline at 48 h (2-tailed t ϭ 2.78, df ϭ 12, p ϭ .017 † ), and one week (t ϭ 2.71, df ϭ 12, p ϭ .019 † ); no other groups show significant changes from their respective baseline values. Change from baseline in prefrontal relative power and in cordance were determined after 48 h and one week of treatment with active medication (M-R, M-NR) or placebo (P-R, P-NR). For prefrontal relative power, no significant group differences were found by ANOVA in change from baseline at 48 h or one week. For prefrontal cordance, ANOVA revealed a trend-level finding at 48 h (F 3, 46 ϭ 2.37, p ϭ .083) and significant group differences at one week (* F 3, 47 ϭ 4.11, p ϭ .011) where M-R was significantly different from M-NR, P-R, and P-NR. For HAM-D scores, ANOVA revealed no significant changes from baseline at 48 h or one week (trend at one week: F 3, 47 ϭ .023, p ϭ .097). M-R subjects are significantly different from their baseline at 48 h (2-tailed t ϭ 2.78, df ϭ 12, p ϭ .017 † ), and one week (t ϭ 2.71, dfϭ12, p ϭ .019 † ); no other groups show significant changes from their respective baseline values. doses of medication, and was specific to the prefrontal region. Predictive changes were not seen with absolute or relative power in any region. Second, we also found that the degree of the decrease in prefrontal cordance was a leading indicator of the magnitude of eventual response: greater early decreases in cordance were significantly predictive of better final outcome. Third, neither placebo responders nor placebo nonresponders exhibited these patterns. To our knowledge, these are the first data indicating that early physiologic changes in the prefrontal regions are related to the completeness of clinical response.
Prior reports often have shown changes in power spectra that were associated with the administration of antidepressants. In this study, absolute and relative power did not show a statistically significant increase in the presence of medication, and we did not find any differences in absolute or relative between responders and nonresponders. The inconsistency between our findings and the prior reports of Ulrich (1988) or Knott et al. (1996) may reflect differences in the medications used (maprotoline and clomipramine in Ulrich's report; imipramine in Knott's study), since those tricyclic antidepressants have patterns of activity that involve more neurotransmitter systems known to have non-specific effects on EEG activity (e.g., acetylcholine). Since absolute and relative power measures individually failed to detect the early predictive changes that were seen with cordance in our dataset, there may be an advantage in combining power measures via the cordance algorithm.
In addition, the relationship of cordance values to cortical perfusion provides a context in which to compare cordance results with other methods of assessing brain activity. Our findings are consistent with some previous reports that examined frontal changes during treatment, using PET or single-photon emission computed tomography (SPECT) methods. In a series of studies using [
133 Xe]-SPECT to examine patients undergoing electroconvulsive therapy (ECT), Sackeim and colleagues Nobler et al. 1994 ) reported decreases in frontal cerebral perfusion in subjects responding to ECT; this group more recently reported similar findings in subjects treated with medications (Nobler et al. 1998) . Martinot et al. (1990) and Austin et al. (1992) also reported reduced cerebral activity associated with treatment with antidepressant medications, using PET and SPECT respectively. In a relatively large sample of subjects with depression, Drevets and colleagues (Drevets and Raichle 1992; Drevets et al. 1997; Drevets 1994) reported that any decreases in perfusion during treatment were found most prominently in prefrontal cortical regions. colleagues (1999, 2001 ) also have reported decreases in prefrontal cortex metabolism in subjects responding to paroxetine treatment. Since cordance values in the theta band are positively correlated with cerebral perfusion, a physiologic interpretation of our QEEG results is that early neurophysiologic changes in responders to fluoxetine or venlafaxine are related to decreases in prefrontal perfusion, while nonresponders lack this change. A direct comparison of our cordance results with these prior PET and SPECT studies is limited by the different time-frames employed in the observations: changes over 4-8 weeks of treatment for the neuroimaging studies vs. changes after 48 h or 1 week of treatment in the current study.
There is additional evidence from neuropsychological studies that frontal dysfunction is involved in the pathophysiology of depressive illnesses and may be related to treatment response (Drevets et al. 1999; Kalayam and Alexopoulos 1999; Dunkin et al. 2000) . Frontal dysfunction and decreased perfusion in prefrontal regions may be primary abnormalities in brain activity, but could also be secondary manifestations of alterations in other brain regions which project to the prefrontal cortex. Studies are needed explicitly to address the relationship of prefrontal cortical changes to activity in other parts of the limbic system. While some neuroimaging studies have reported that response is associated with regional decreases in activity (as above), others have reported increases in activity (e.g., Baxter et al. 1989; Dube et al. 1993; Bonne et al. 1996; Bonne and Krausz 1997) . At least one group (Hurwitz et al. 1990 ) has reported no change in cerebral metabolism measured with PET. This disagreement within the neuroimaging literature may reflect differences in the techniques used to assess cerebral physiology, the particular antidepressant medication under examination, the population studied, their clinical symptoms, or study designs that lack a placebo comparison condition.
Other changes in neurophysiologic function from antidepressant medications also contribute to the context in which our findings can be considered, particularly with regard to region and timeframe. Yatham and colleagues (1999) examined changes in 5-HT receptor binding between baseline and 3-4 weeks on desipramine via PET data. They found the administration of this agent was accompanied by a decrease in binding seen most prominently in prefrontal cortex, a change which is consistent with the prefrontal topography of our cordance changes, albeit over a longer timeframe than in the current study. Receptor downregulation has been reported as part of the response to chronic antidepressant administration since the 1970s (cf. Sulser 1989) , but may also be detected within several hours of the administration of a single dose of an antidepressant (Newman-Tancredi et al. 1996) , suggesting the plausibility of detecting meaningful changes after only two doses. Induction of specific genes (e.g., c-fos) has been elicited with a single exposure to antidepressants (Dahmen et al. 1997; Beck 1995; Muck-Seler et al. 1996) . Fluoxetine has also been shown directly to alter membrane currents from the 5-HT receptors with acute administration (Pitt et al. 1994; Ni and Miledi 1997) ; this is a distinctly different action from its classic effect of inhibiting presynaptic serotonin reuptake transporters, but could affect EEG signals. The contribution of these early changes to the clinical response in depressed humans remains to be fully understood. Alvarez and colleagues (1999) have reported data relating acute changes in serum serotonin levels to clinical outcome. After a single dose of fluoxetine, plasma 5-HT levels had decreased from pretreatment values in those who would eventually respond (using 2 and 4 week clinical endpoints) while the eventual nonresponders showed an increase in serum 5-HT after one day on fluoxetine. They interpret their results to indicate that inhibition of 5-HT uptake is a necessary but insufficient condition for fluoxetine's antidepressant properties. Our time scale of change in brain function is comparable to what they observed with their peripheral measure.
Our finding that the magnitude of clinical response is proportional to the extent of early physiologic change is intriguing. Examining physiologic activity and clinical response as related continuous measures can serve as a complementary approach to much of the prior work with EEG or with neuroimaging, where categorical analyses are more common (e.g. Ulrich et al. 1998; Knott et al. 1996; Sackeim et al. 1994; Nobler et al. 1994; Baxter et al. 1989; Dube et al. 1993; Bonne et al. 1996) . The subjects with the best clinical responses in our study tended to show larger physiologic changes. One interpretation of our finding is that subjects who exhibit a higher degree of physiologic response to the introduction of a medication will later exhibit a larger clinical effect, while subjects who do not show much physiologic sensitivity to the medication will not experience much clinical benefit.
We view these findings as preliminary and in need of further examination with a larger subject pool. In evaluating any test potential clinical application, the primary questions of reliability, sensitivity, and specificity need to be addressed in an adequately large sample for independent replication. In addition, questions of time, effort, cost, specialized technical skills, and patient friendliness are pragmatic issues that also must be addressed in future investigations. As noted in the Acknowledgments, software to perform the cordance algorithm is available at no cost to investigators for research purposes, to address questions regarding the generalizability of these findings and the potential for more widespread application of the measure.
It is interesting that the changes in prefrontal cordance were seen in responders to both fluoxetine and venlafaxine; fluoxetine has a greater effect on serotonin than on norepinephrine reuptake, while venlafaxine's mechanism of action involves both neurotransmitter systems (Frazer 2001 ) although the serotonergic effects may be most important at the starting dose used in this project. The shared prefrontal change may reflect a common-pathway role for the prefrontal regions in the clinical response, whether this arises via serotonergic or mixed neurotransmitter influences for any one individual. These results suggest that it may be possible to use cordance to make early, multiple observations of brain function in depressed subjects to predict medication effectiveness. Additional confirmation of the stability and reliability of the cordance measure is necessary before it can be more broadly applied.
